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To account for the dissoclation of diatomic molecules under the
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variable temperature conditions typical of aerodynemic problems,
the vibrational relaxation océurring in this case is approxi-
mately analyzed from the energy point of view at low tempera-
tures, when the departure from vibrational equilibrium is only
slight, and at high temperatures, when this departure becomes
significant. The effect of vibrational relaxation vanishes when
1) the vibrational relaxationvtimé shrinks to zero at low zj:

temperatures (equilibrium.of vibrational degrees of freedom) ;

2) the temperature becomes vefy high.

The rate of dissociation is usually calculated by analyzing a molecule Iﬁiﬁ?ﬁ
'situated in & heat bath at constant temperature T. For a number of applications,
‘however (for example, in high-velocity serodynamics), the cese when the temper-jf
ature does not remain constant becomes important. Rapid variations in tempera- ?i
ture can cause equilibrium to be upset with regerd to the internal degrees of

freedom of the dissocisting molecule. This leads to the question of re;axationff

%of the internal degrees of freedom and its effect on the rate of molecﬁiar

‘dissociation.

Aerodynamics is concerned mostly with diatomic molecules, hence we will

‘restrict our discussion to this case. It is of practical importance to consider '
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?%fﬁéﬁfelaxation of vibrations; the rotetional relaxation time of almost all
molecules is so smell that the rotation may be regarded as in equilibrium in

Q;the problems of interest in the theory of corntinuous media.

Some estimates are given below for the influence of vibrational relaxatlon

: on the rate of dissociation.

N
|

e O

1. Let us consider first the case;when the deviations of the vibrations §§
?ééfrom equilibrium are insignificant. This case occurs when the temperature T is;vg
f?:not very high, so that the total internﬁl energy of the molecule is considerably*i
?‘less than the dissociation emergy D. Otherwise there occur sizable violations -
of the vibrational equilibrium due to the increased dissociation rate (ref. 1).

;;f According to some estimates (e.g.,\ref. 2), one would expect (in the case L

lf;of identical molecules) the exchange of vibrational energy to proceed much more: %

Erapidly than the transformetion of translational and rotational kinetic energy

%igfb”Qibraigéﬁéiwénergy. This means that the vibrationsl distribution functioni%
‘% will have a Boltzmann configuration with temperature T (t) differing fram the
i‘translational temperature T. Assuming fhat the dissociation from each level

' proceeds independently and that the main contribution to dissociation comes

from m levels situated sufficiently near the dissociation limit, such that the

3::transitions from these levels to a continuous spectrum may be assumed approxi-

* mately equally probable, we find
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.- where £(T) is vibrational statsum; (M) = Z e & ’ —O--T‘ T N is the -
S t=N—m s .

'}fnumber of molecular levels. Equation (1) was derived on the assumption’ that Z§§7

o only the relative motion of the molecules along the centerline contrlbutes to
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f ;?d’:i.vs‘stciation. Inclusion of the other degrees of freedom can be accomplish'ec'l

quite easily within the framework of statistical theory (ref. 3).

Assuming that the difference between T and Tl is small and introducing the
b :
_ notation A =-T-—T-T— » Wwe obtain

N—1

' here ED =1 zs-wz et et
. Where f (T) and E is the arithmetic mean of the vibrational
energy in the :Lnterval (v - m, N).

On the other hand, from the vibrational relaxation equation

dt : Tk e :
'('rk is the vibrational relaxation time) we obtain, for small deviations from :
equilibrium, A =7 /7, where T =T 3515 “L-1s the characterfstic fluctustiom— =

Ao

t:Lme of the translational temperature. Consequently,
- . . : E
—=1—-C-£,.
k To (%)
‘where the temperature function C>0 can be determined once the specific mole-
- cular model is decided. Clearly, the effect vanishes when Tk/-ro—-_ 0 (Tl—> T). -

2. Let us estimate the maximum effect that will result from vibra'_bional

inonequili'brium. We will suppose that the distribution function is

0 i+0
, h { 1 i=0. : (5) ¥
- From this, simple computations yield
<5 B_HI) 5"
:Z } & - N : (6)
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The right-hend side of (6) is less, than one for all finite temperatures
- and tends to unity as T —» o.

Consequently, the effect vanishes ﬁ‘.n the limiting case of very high

?tempera‘bure Se
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